Absimct--This paper develops a novel approach for performance analysis of multi-branch pre-detection equal gain mmbining (EGO in equally-correlated Rayleigb fading channels. We convert a set of equally-correlated channel gains to a set of conditionally independent channel gains. The cumulative dimibntion innclion ( c m of EGC ontpnt signal-to.noise ratio (SNR) is therefore derived. The symbol error rate (SER) of different modulation schemes with predetection EGC m equallycorrelated Rayleigb fading cbannels is also evaluated. Numerical m l t s that illustrate the &eds of equdly-correlated fading on the SER performance of EGC are also provided.
I. INTRODUCTION
In recent years, diversity reception @y combining L branch signals) and multi-level modulation schemes have received considerable attention for facilitating high-rate data transmission over wireless links. Redetection EGC is of practical interest because it offers performance close to the optimal maximal-ratio combining (MRC) technique but with greater simplicity. However, the literature on the performance analysis of EGC is barren compared with that of other diversity combining schemes. This lack stems from the difficulty of finding the pdf of the EGC output Sh'R (traditionally, the performance is evaluated by averaging the conditional error probability over the EGC output pdf), which depends on the square of a sum of fading amplitudes. Even for independent fading, a closed-form solution to the pdf of this sum has been elusive (dating back to Lord Rayleigh himself [I] ) and indeed, even for the case of Rayleigh fading (mathematically simplest distribution) no solution exists for L Previous studies on independent EGC include the following.
Altman and Sichak [31 find the output pdf of dual-branch EGC in Rayleigh fading channels. Due to Beaulieu [Z] , the pdf of a sum of independent random variables (RV's) can be efficiently approximated. Applying this result, the performances of EGC in Rician and Nakagami fading channels are analyzed 141, [51. Annamalai et al. [6] -[8] use the Parseval theorem to evaluate the average SER of a broad class of coherent, differentially coherent and non-coherent modulation schemes with predetection EGC.
[Z].
However, in real-life applications, statistically independent fading can rarely be achieved. For example, in wireless communication handsets, physical constraints may not allow the use of antenna spacing that is required for independent fading across antennas. Thus quantifying the resultant degradation of the performance of diversity systems is a long standing problem of importance [9] . However, for correlated fading channels, all available results on pre-detection EGC deal 
L No
where L denotes the diversity order, NQ is the noise power spectral density per branch and E.v is the energy of transmitted signal.
We consider Xo and Yo to be fixed ( X i + Yo' = U ) . Then We may write Gk in terms of polar coordinates,
where R i = lGkl is the amplitude of the Gk. Since Gt is a set of complex Gaussian RV's with zero means, Rk is a set of (9)
PU
Rayleigh envelopes with mean square K=-
(10) E ( R~) = 2.
The cross-cotrelation coefficient between any Gx and G j (k # j ) equals to P.
Evaluating the output cdf for a fixed I: + y: = U . we obtain the conditional output cdf. Thus, using (1) and (7), we can readily represent a set of equally-correlated Rayleigh envelopes with a specified value of envelope correlation.
Next, we introduce a 'trick' that will be used in the performance analysis. When X o = 10 and Yo = yo are fixed, Gt is a set of complex Gaussian RV's with means 
Averaging the conditional cdf ( I 1) over the distribution of U ,
we finally obtain the cdf for multi+,mch EGC in equally correlated Rayleigh fading channel. Following the same approach as the above, we may evaluate the average SER of various digital modulation schemes with pre-detection EGC in equally-correlated Rayleigh fading channe1s:We assume that channel fading is nonselective and changing slowly enough so that the channel parameters remain constant for the duration of signaling interval.
Recall that when Xo and Yo are fixed (Xi+ Yi = U), Rk is where x, and w, are defined as (15) and 4r(wlz;+y;=am) can be approximated as [23] ~r ( w I x ; + + z r m ) a set of iid Rician RV's with Rician factor given by (9). Due Ps@&;+y;=u) using Gauss-Chebychev quadrature. Based on maximum diversity gain is achieved with dual-branch diversity. With increasing of L, diversity gain diminishes. This is more pronounced at a higher S N R level. The representation developed in this paper can also be used, to analyze the performance of multi-branch SC and generalized SC schemes in equallysorrelated Rayleigh fading channels. These results will be reponed in a forthcoming paper.
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